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α-AmylaseBoerhaavia diffusa Linn. of family Nyctaginaceae is a known traditional medicinal plant and has been used in the
treatment of many free radical mediated diseases. Excessive formation of free radicals, either reactive oxygen spe-
cies (ROS) or reactive nitrogen species (RNS) is responsible for damaging various biomolecules like DNA, lipids and
proteins. The present investigationwas initially carried out to explore the possible link between antioxidant, oxida-
tive DNA damage protective andα-amylase inhibitory property of B. diffusa root extract and their bioactive fraction.
Our results illustrated an enhanced DPPH radical scavenging activity/antioxidant power of methanol root extract
(IC50 b 250 μg/ml) than ethanol (IC50 = 250 μg/ml) and aqueous extract (IC50 N 250 μg/ml). In addition, the
methanol root extract also showedbetter oxidativeDNAdamage protective activity andα-amylase inhibitory prop-
erty than ethanol and aqueous root extract. Phytochemical screening of B. diffusa ethanol andmethanol root extract
showed the presence of saponins, alkaloids, ﬂavonoids, glycosides and terpenoids in large amount. By means of
repetitive preparatory TLC and HPLC the potent antioxidant and α-amylase inhibitory fraction was isolated from
methanol root extract. Our results illustrated thatDPPH radical scavenging activity (IC50 b 250 μg/ml) and oxidative
DNA damage protective andα-amylase inhibitory activity of the isolated/puriﬁed bioactive compound frommeth-
anol extractwere signiﬁcantly closer to that of crude extract,which in turn conﬁrm that antioxidant and antidiabetic
property of methanol root extract resides in this fraction and established a signiﬁcant correlation between antiox-
idant and inhibitory α-amylase property of this bioactive fraction compound. These profound effects of B. diffusa
methanol root extract and its puriﬁed fraction against oxidative plasmid DNA damage, antioxidant and
α-amylase inhibitory activity may explain its extensive use in daily life and possible health beneﬁts.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
A large number of studies indicated that oxidative stress plays a
major role in the pathogenesis of many diseases including cancer, dia-
betes, cardiovascular disease etc. (Pala and Gürkan, 2008; Uttara and
Singh, 2009). Oxidative stress is basically an imbalance between reac-
tive oxygen species (ROS)/(RNS) and antioxidant capacity of the body
which are capable of damaging large number of cellular biomolecules
like DNA, RNA, lipids and protein through oxidative modiﬁcation and
consequently contributing to pathological conditions like diabetes.
The oxidative DNA damage that is caused by the excessive generation
of ROS can lead to the formation of single and double strand break
as well as induce the modiﬁcation in purine and pyrimidine basesF, Boerhaavia diffusa methanol
rmance liquid chromatography;
, Integral University, Lucknow-
2890809.
.
y Elsevier B.V. All rights reserved.(Powell et al., 2005). The production of ROS and lipid peroxidation
are increased in diabetic patients (Giugliano et al., 1996). By the year
2025 this disease will likely target 300 million people with India
expected to have the largest number of diabetic cases (Gupta and
Phatak, 2003). Several conventional therapies are available for diabetes
including oral hypoglycemic agents and the inhibition of degradation of
dietary starch by glycosidases such as α-amylase and α-glucosidase
(Rang et al., 2003).
Pancreaticα-amylase is a key enzyme in the digestive systemwhich
hydrolyzes starchmolecules to give diverse products including dextrins
and progressively smaller polymers (oligosaccharides) composed of
glucose units (Newman et al., 2000). Whenever the concentration of
amylase increases in the blood (more than 0–137 U/l) it may cause
elevated post-prandial hyperglycemia or diabetes which is a group of
disorder like polyuria, polydipsia, polyphagia, emaciation, and weak-
ness (Gupta et al., 2003; Muralikrishna and Nirmala, 2005). Hence,
slow down of starch digestion by inhibition of this enzyme provides a
good strategy in the control of diabetes. However, the currently used
synthetic hypoglycemic agents are non-speciﬁc, expensive and produce
serious side effects (Cheng and Fantus, 2005). Now the role of herbal
medicines in the treatment of diabetes is getting more importance as
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synthetic hypoglycemic agents (Mukherjee et al., 2006).
The use of plants as source of remedies for the treatment of many
diseases dated back to prehistory and people of all continents have
this old tradition. Despite the remarkable progress in synthetic organic
chemistry of the twentieth century, over 25% of prescribed medicines
in industrialized countries derived directly or indirectly from plants
(Rang et al., 2003). However, plants used in traditional medicine are
still understudied and in developing countries where medicines are
quite expensive, study on ethno medicine plant is still needed.
In indigenous system of medicine, many plants that have medicinal
properties are recommended for treatment andmanagement of various
oxidative stress related disorders including diabetes. There are several
reports that indicate the use of secondary metabolites from medicinal
plants as a potent source of antioxidant and drugs for treatment of
oxidative stress induced disease (Dai and Mumper, 2010; Khan et al.,
2011; Okigbo et al., 2009; Thambiraj et al., 2012).
Boerhaavia diffusa Linn. (Family: Nyctaginaceae) is commonly known
as “Punarnava” in the Indian system of medicine. Though the whole
plant of B. diffusa is used in traditional medicine for the treatment of
diabetes, stress, dyspepsia, abdominal pain, inﬂammation, jaundice, en-
largement of spleen, heart diseases, and bacterial infections (Bickers and
Athar, 2006; Rahman et al., 2006), yet roots and leaves of this plant have
been widely used in the folk medicine to treat several illnesses including
those affecting the gastrointestinal tract (dyspepsia, abdominal pain,
etc.). Experimental studies have demonstrated that it could be effective
in the prevention and treatment of diseases in which oxidants or free
radicals are implicated (i.e. inﬂammation, cancer, diabetes, etc.) (Kapoor,
1990; Mehrotra et al., 2002; Hiruma-Lima et al., 2000; Agrawal et al.,
2004; Pari and Satheesh, 2004). The plant is also reported to have
adaptogenic and antistress activity (Desai et al., 2009). The main chemical
ingredients of this plant include alkaloids (punarnavine), rotenoids
(boeravinones A to J) and ﬂavones (Leyon et al., 2005).
It is important to mention that there are reports on antioxidant
and antidiabetic activity of B. diffusa root extract, but till date, to
the best of our knowledge there is no study which illustrates as
well as correlates the antioxidant andα-amylase inhibitory property
of B. diffusa methanolic root extract and their puriﬁed fraction. In addi-
tion, this is the initial report describing the oxidative DNA damaging
protective activity of crude aswell as puriﬁed fraction of B. diffusa extract
and establishing a correlation between antioxidant and antidiabetic
activity. Thus, in this study, we initially investigated the antioxidant
and oxidative DNA damage protective activity as well as α-amylase
inhibitory activity of methanol, ethanol, and aqueous root extract of
B. diffusa and compared it with those of the puriﬁed fraction of B. diffusa
methanol root extract.
2. Materials and methods
Methanol, ethanol, chloroform, glycerol, hydrogen peroxide, sodium
hydroxide, Dragendorff's reagent, ferric chloride, ammonia & thin layer
chromatography (TLC) plates (10 × 10 cm2) were purchased from
Merck Co. (India). Fehling's solutions A and B, silica gel G254, ninhydrin,
Folin–Ciocalteau reagent, vanillin, 2, 2-diphenyl-1-picrylhydrazyl (DPPH),
ascorbic acid, agarose, tris buffer, EDTA, ethidium bromide, bromophenol
blue (BPB), mannitol, PUC 18 and starch were purchased fromHimedia
Co. (India). Dinitrosalicylic acid (DNS) & porcine pancreatic α-amylase
were purchased from SRL Co. (India).
2.1. Plant material collection and preparation of extract
The root(s) of B. diffusa Linn. (Punarnava) were collected from the
pharmacy herbal garden, Integral University, Lucknow andwas authen-
ticated in the Herbarium of National Botanical Research Institute, Luck-
now (LWG), by Dr. Nizamuddin, NBRI, Lucknow. The voucher specimen
(98070) has been deposited in NBRI (LWG) Herbarium.Vide voucher no. 98070. Around 25 g fresh shade dried B. diffusa
roots were powdered and wrapped in muslin cloth. It was extracted
by Soxhlet apparatus with 250 ml of methanol, ethanol and aqueous
solvents, respectively. The percolation process was continued until the
extraction process was completed (indicated by transparent color),
and the extract was ﬁltered, allowed to cool, left for drying and stored
at 4 °C for future use.
2.2. In vitro antioxidative studies of methanol, ethanol and aqueous root
extracts of B. diffusa
The DPPH radical scavenging assay is commonly employed in evalu-
ating the ability of antioxidants to scavenge free radicals. The effect of
antioxidants on DPPH is thought to be due to their hydrogen donating
ability (Gulcin, 2010). It was carried out by the method of Blois (1958)
with minor modiﬁcations. The dried methanol, ethanol and aqueous
root extracts of B. diffusawere dissolved in their respective solvents. Dif-
ferent concentrations viz., 25 μg/ml, 50 μg/ml, 100 μg/ml, 150 μg/ml,
200 μg/ml, and 250 μg/ml of methanol, ethanol and aqueous root ex-
tract in 100 μl were taken in test tubes (in triplicate). Three milliliters
of 132 mM methanol solution of DPPH was added to each test tube
and incubated for 15 min at 27 °C. Absorbance was taken at 517 nm
using the Eppendorf-Biospectrometer. The control was prepared with-
out the test compound and ascorbic acid was used as standard. Percent-
age radical scavenging activity (%) was calculated by the formula
% ¼ Abs controlð Þ−Abs sampleð Þ=Abs controlð Þ½   100:2.3. Oxidative DNA damage protection assay
DNAnicking experimentwas performed according to the protocol of
Lee et al. (2002) with some modiﬁcation. Plasmid (PUC 18) DNA
(100 ng) was incubated with Fenton's reagent (30 mM H2O2, 50 mM
ascorbic acid and 80 mM FeCl3) in the absence (control) or presence
of root extract and ﬁnally the volume of the mixture was raised up to
20 μl. The mixture was then incubated for 30 min at 37 °C followed by
addition of loading dye. Electrophoresis was carried out in TAE buffer
(40 mM Tris base, 16 mM acetic acid 1 mM EDTA, pH 8.0) and DNA
was visualized in U.V. under GelDoc (Biorad). The mannitol was used
as the standard reference compound.
2.4. α-Amylase inhibition assay
Inhibition assay for the enzymeα-amylase was performed in accor-
dance with the standard chromogenic in vitro inhibition procedures
modiﬁed by Bernfeld (1955). Porcine pancreatic amylase was dissolved
in ice-cold 20 mM phosphate buffer (pH 6.7) containing 6.7 mM sodi-
um chloride to give a concentration of 5 units/ml. Seven duplicate test
tubes including the blank and control were prepared. In each test tube
250 μl of the enzyme preparation was mixed with 100 μl (10 μg/ml,
25 μg/ml, 50 μg/ml, 100 μg/ml, 250 μg/ml and 500 μg/ml) of methanol,
ethanol, and aqueous root extracts except the blank. Themixtures were
stirred in a vortex andpre-incubated in awater bath at 37 °C for 20 min.
After incubation, 250 μl of the substrate preparation (0.5% w/v
starch, in 20 mM phosphate buffer, pH 6.7) was transferred into each
test tube to start the reaction. The mixture was vortexed and then
incubated at 37 °C for 15 min. Two milliliters of DNS color reagent
was added, vortexed and boiled in a water bath at 100 °C for 10 min.
The mixture was cooled down in a running tap water and the absor-
bance was read at 540 nm using the Eppendorf-Biospectrometer. Inhi-
bition rates were calculated as percentage controls using the formula:
percentage inhibition = 100 − % reaction (where % reaction = mean
product in sample / mean product in control × 100).
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Fig. 1. DPPH radical scavenging activity of methanol, ethanol and aqueous root extracts of B. diffusa. Results are mean ± S.D. of three parallel measurements.
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2.5.1. Preliminary phytochemical screening
Themethanol and ethanol extractswere subjected for the identiﬁca-
tion of ﬂavonoids, phenols, proteins, carbohydrates and glycosides
according to the protocol given by Khandelwal et al. (2002).
2.5.2. Tentative identiﬁcation of phytochemicals by TLC
The plant methanol and ethanol extracts were subjected to TLC in
order to identify the total organic compounds, phenolics, alkaloids and
ﬂavonoids. The plates were prepared using a slurry of silica gel G254
in distilled water. Silica gel (20 g) was added to 40 ml of distilled
water and thick slurry was made, applied onto the TLC plate at a thick-
ness of 0.25 mm. The platewas allowed to dry at room temperature and
then placed in the oven at 60 °C for 60 min to activate the silica gel. The
plate was taken out from the oven and kept at room temperature for
15 min. Using a microcapillary tube, a small drop of methanol and eth-
anol root extracts was placed on the TLC plate, 3 cm above the bottom.
These spots were allowed to dry and the plate was placed into the TLC
chamber, which was saturated with the solvent mixture carefully to
have uniform solvent level. When the solvent reached 2 cm below the
top, the plates were taken out of the chamber and detected with the
respective spraying reagents.
The chromatogramwas developed with chloroform:methanol (9:1)
and sprayed with 10% H2SO4 and heated at 120 °C for the detection ofFig. 2. Oxidative DNA damage protective activity of methanol, ethanol and aqueous root extrac
control DNA, Lane 2. PUC 18 plasmidDNA degradation by Fenton's reagent, Lane 3: Sample (50
5: Sample (200 μg/ml) + PUC 18 plasmid DNA. B. Effect of B. diffusa ethanol root extract. Lan
plasmid DNA, Lane 3: Sample (200 μg/ml) + PUC 18 plasmid DNA. C. Effect of aqueous root
(100 μg/ml) + PUC 18 plasmid DNA, Lane 3: Sample (200 μg/ml) + PUC 18 plasmid DNA.organic components. The alkaloids were detected by spraying with
Dragendorff's reagent, phenolicswere detectedwith Folin–Ciocalteau re-
agent and ﬂavonoids were identiﬁed with vanillin-H2SO4 spray reagent
(10% vanillin in ethanol:conc. H2SO4 in 2:1 ratio) (Harborne, 1973).
2.5.3. Thin layer chromatography analysis of antioxidant constituents
The antioxidant constituents were analyzed using TLC followed by
DPPH technique (Moore et al., 2006). DPPH, a stable free radical, when
acted upon by an antioxidant, is converted into diphenyl-picryl hydra-
zine with a color change from deep violet to light yellow color. About
100 μg of root extract of B. diffusawas loaded on TLC plates. The plates
were developed in chloroform and methanol (9:1) to separate the var-
ious constituents of the extracts. The developed plates were air dried
and observed under visible and UV light (240 and 300 nm). Various
separated spots were seen. After this examination, 0.1% of DPPH solu-
tion in methanol was sprayed on the surface of developed TLC plates
and incubated for 10 min at room temperature. The active antioxidant
compound ofmethanol & ethanol root extracts of B. diffusawasdetected
as yellowish white spots produced by bleaching of DPPH on the TLC
plates. In view to isolate the band of bioactive compound, repetitive
preparatory TLC was performed as described above.
The puriﬁed B. diffusa methanolic fraction (BDMF) was further
subjected to DPPH radical scavenging assay, oxidative DNA damage pro-
tective activity and α-amylase inhibitory activity by using different
methods as described above (Blois, 1958; Lee et al., 2002; Bernfeld, 1955).t of B. diffusa: A. Effect of B. diffusamethanol root extract. Lane 1: Showing PUC 18 plasmid
μg/ml) + PUC 18 plasmidDNA, Lane 4: Sample (100 μg/ml) + PUC 18 plasmidDNA, Lane
e 1: Sample (50 μg/ml) + PUC 18 plasmid DNA, Lane 2: Sample (100 μg/ml) + PUC 18
extract of B. diffusa. Lane 1: Sample (50 μg/ml) + PUC 18 plasmid DNA, Lane 2: Sample
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Fig. 3. Percentage of alpha amylase inhibition against acarbose (standard), methanol, ethanol and aqueous root extract of B. diffusa. Results are mean ± S.D. of three experiments.
Table 1
Preliminary phytochemical screening of ethanol andmethanol root extracts of B. diffusa.
Particulars Ethanol extract Methanol extract
Alkaloids + +
Terpenoids + +
Steroids + −
Tannins + +
Saponins + +
Flavonoids + +
Phenols + +
Proteins + +
Carbohydrates + −
Glycosides + +
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The methanol extract was subjected to HPLC system using reverse
phase C-18 column and UV detector (280 nm) (Srivastava et al.,
2010). The methanol fraction was diluted 400-fold and subjected
to HPLC analysis consisting of a Model 582 Solvent Delivery Module, a
Model 542 auto sampler maintained at 6 °C and a Model 5600A
CoulArray Detector 1 at 250 mV. The column was an MCM C18
(4.6 × 150 mm, 5–120 A) from MC Medical, Japan. Mobile phase H20:
ACN, GLA (98:2) with EDTA pH 7. The gradient was app. linear from 0
to 20 min. Flow rate was 0.5 ml/min, Pressure: 41 kgf and 20 μl of
sample was injected. BDMF appeared on chromatogram at 20.1 min in
methanol.
2.6. Statistical analysis
All the experiments were done at least three times, with 3 or
more independent observations at each time. Data were presented as
mean ± S.D. of three independent determinations.
3. Results and discussion
The present studywas initially carried out to explore the antioxidant,
oxidative DNA damage protective activity and α-amylase inhibitory
property of different B. diffusa root extracts and their bioactive fraction.
In this perspective, the dried root of B. diffusawas sequentially extracted
with different solvent systems based on their polarity like methanol,
ethanol and aqueous. The percentage yields of methanol, ethanol and
aqueous root extract were 3.22%, 1.31% and 5.09% respectively.
3.1. DPPH radical scavenging assay of different B. diffusa root extract
It is well known that a compound having antioxidant property
can delay, inhibit or prevent the oxidation of oxidizable material by
scavenging free radical and diminishing oxidative stress (excessive
generation of ROS & RNS), which play a major role in the oxidation of
varieties of biomacromolecules such as enzymes, proteins, DNA and
lipids that could result in the development of various diseases including
diabetes (Ames et al., 1993). In this context, the antioxidant potential of
B. diffusa root extract was determined by using DPPH assay. Our results
demonstrated that the methanol root extract has signiﬁcantly higher
radical scavenging activity & antioxidant potential with respect to that
of ethanol and aqueous root extracts (Fig. 1). The same patterns were
observed by using the different concentrations of plant extract. In addi-
tion, the results also illustrated that the methanol root extract has low-
est IC50 value (IC50 b 250 μg/ml), than ethanol (IC50 = 250 μg/ml) and
aqueous extracts (IC50 N 250 μg/ml), which further indicate its potent
radical scavenging activity. Our results are in concordant with previous
study which showed the greater free radical scavenging activity of
methanol root extract (Khan et al., 2013). In fact, several scientiﬁc stud-
ies reported that certain phytochemicals such as ﬂavonoids, ascorbicacid, tocopherol, tocotrienols and polyphenols, have been reported
as promising antioxidant compounds that might help in attenuating
oxidative stress (Halliwell and Gutteridge, 1999; Prakash et al., 2007;
Khan et al., 2011).
3.2. Oxidative DNA damage protective activity of B. diffusa root extract
DNA damage is caused due to interaction of DNA with ROS or RNS.
Free radicals such as OH• and H• react with DNA by addition to bases
or abstractions of hydrogen atoms from the sugar moiety. Since,
Fenton's reagents (FRs) are composed of ascorbic acids, H2O2 & Fe3+,
they can produce highly reactive FR species (OH•) via Fenton reaction
as reported by Lee et al. (2002) Damage of plasmid DNA results in cleav-
age of one of the phosphodiester chains of super coiledDNA&generates
relaxed open circular form which is a sign of single-strand break. Addi-
tional cleavage results in linear double-strandedDNAmoleculewhich is
indicative of double-strand break (Singh et al., 2009). Natural com-
pounds are rich source of antioxidants and these compounds are well
known to protect against the DNA damage (Bub et al., 2003; Rehman
et al., 1999). Roots of B. diffusa have been identiﬁed as excellent antiox-
idants and good scavengers of reactive metabolites (Baranwal et al.,
2012) such as OH•, O−2, and ROO−. Our results illustrated that incuba-
tion of pUC18 plasmid DNA with Fenton's reagent for 45 min resulted
in the cleavage of supercoiled plasmid DNA to give open circular and
linear forms of plasmid DNA, indicating that OH• generated from iron-
mediated decomposition of H2O2 produced both single-strand and
double-strand DNA breaks, as shown in lane 2 of Fig. 2A (Gutteridge,
1984). It is well known that OH• induced the oxidative damage in bio-
logical system and this type of damage, which is basically generated
by the reaction between H2O2 and O−2 in the presence of redox active
metal, can be signiﬁcantly reduced in the presence of potent antioxidant
like mannitol.
The results showed that addition of methanol, ethanol and aqueous
extracts at 50, 100, 200 μg/ml to plasmid DNA and Fenton's reagent
mixture induced the reduction in formation of open circular and linear
forms as well as increased the super coiled or native form of plasmid
Fig. 4. TLC ﬁngerprint proﬁle of methanol and ethanol root extracts of B. diffusa. (A) Total organic compounds were identiﬁed by using 5% sulfuric acid; B) ﬂavonoids by spraying
vanillin-H2SO4 spray reagent (10% vanillin in ethanol:conc. H2SO4 in 2:1 ratio). (C) Alkaloids were identiﬁed in visible light after spray with Dragendorff's reagent (D) and phenolics by
using Folin–Ciocalteau reagent (1:4).
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niﬁcant reduction in the formation of open circular and linear forms
and increased supercoiled or native form of plasmid DNA, when com-
pared to FRs induced damaged DNA (Fig. 2A, Lanes 3–5), while ethanol
and aqueous extracts showed partial or less protection than methanol
extract (Fig. 2B,C Lanes 1–3). Thus, our results initially showed thatTable 2
TLC ﬁngerprint proﬁle of methanol and ethanol root extracts of B. diffusa.
S. no. No. of bands of methanol
root extract
Rf value No. of bands of ethanol
root extract
Rf value
A. Total organic compounds of B. diffusa root extract
1 12 0.16 13 0.19
2 0.23 0.26
3 0.32 0.31
4 0.34 0.38
5 0.5 0.43
6 0.55 0.52
7 0.62 0.61
8 0.68 0.68
9 0.71 0.75
10 0.77 0.82
11 0.84 0.88
12 0.95 0.91
13 0.94
B. Total Flavonoids of B. diffusa root extract
1 7 0.23 8 0.26
2 0.32 0.31
3 0.44 0.61
4 0.51 0.69
5 0.68 0.75
6 0.84 0.82
7 0.95 0.91
8 0.94
C. Total alkaloids of B. diffusa root extract
1 4 0.34 2
2 0.5 0.38
3 0.55 0.52
4 0.71
D. Total phenolics of B. diffusa root extract
1 1 0.16 3 0.19
2 0.43
3 0.88
Bold Rf value indicates the potent bioactive fraction.the oxidative DNA damage protective activity was more in methanol
extract as compared to ethanol and aqueous extracts, which indicates
that the oxidative stress generated by FRs was markedly attenuated
by methanol extract.
The above action of B. diffusa extract wasmay be due to the presence
of phenols and ﬂavonoids, which are responsible for quenching of ROS
by donating H-atom, and might also be by directly scavenging OH• and
therefore protecting the supercoiled plasmid DNA from OH• induced
damage. The result illustrating the potent oxidative DNA damage
protective activity of methanol extract is in agreement with our DPPH
results, showing the greater ROS quenching capacity by methanol
extract.
3.3. In vitro α-amylase inhibition assay of B. diffusa root extracts
α-Amylase is one of the most important metabolizing enzymes
needed to digest carbohydrates. Pancreatic α-amylase hydrolyzes com-
plex starches to oligosaccharides in the lumen of the small intestine.
Moreover, reduction in the activity of this enzyme reduces the rate
of digestion of carbohydrates and less glucose is absorbed because theFig. 5. Identiﬁcation of potent antioxidant compound of methanol and ethanol root
extracts on TLC plate by DPPH spray.
Fig. 6. HPLC chromatogram of methanol-soluble B. diffusamethanol fraction.
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bition of this enzymemay also be one of the strategies for lowering the
glucose level in hyperglycemic/diabetic patient. The medications that
are available for hyperglycemia have many side effects like diarrhea,
obesity and nausea that encourage the researchers to ﬁnd out a tradi-
tional medicine with lower rate of side effects. Our research is also
focused to decrease the post-prandial hyperglycemia that is to retard
the absorption by inhibiting the carbohydrate hydrolyzing enzyme
i.e., α amylase.
The results presented in Fig. 3 illustrated that methanol root extract
of B. diffusa showed signiﬁcant inhibition of α-amylase than ethanol
extract, while water extract showed little or insigniﬁcant inhibition,
when compared to the standard drug acarbose. Furthermore, the
methanol extract has higher percentage of inhibition at 20.27%,
29.54%, 37.33%, 42.09%, 51.92%, 57.24% at 10, 25, 50, 100, 250 &
500 μg/ml concentrations, respectively, than ethanol extract (15.74%,
17.16%, 36.69%, 43.49%, 50.06%, 54.83% respectively), which might be
responsible for its antidiabetic activity.
The above results are in accordancewith the previous studies which
have reported the inhibition of α-amylase activity by the plant extract
(Subramanian et al., 2008). Antidiabetic medicinal plants are reported
to exert their blood glucose lowering effect through a mechanism
which is more or less similar to those of synthetic oral hypoglycemic
drug which induced the regeneration of damaged pancreatic β cells,
stimulation of insulin synthesis, enhancement of glucose uptake,
slowing down the absorption of sugar and alteration of the activity ofFig. 7. DPPH radical scavenging activity of B. diffusa bioactive compound (BDMF). Vasame enzymes involved in glucosemetabolism. There are few in vivo re-
ports which indicate antidiabetic property of whole plants of B. diffusa
(Sumanth and Mustafa, 2007).
Our results indicating signiﬁcant inhibition of α-amylase activity by
methanol extract as compared to ethanol and aqueous extracts could be
attributed to the presence of polyphenols and ﬂavonoids which are
known to be soluble in polar solvents. Thus porcine pancreatic amylase
is inhibited by relatively polar hydrophilic constituent of B. diffusa root
extract. From the above results it is postulated that methanol & ethanol
root extracts of B. diffusa have maximum antioxidant, oxidative DNA
damage protective activity and α-amylase inhibitory effect. Thus, in
order to search out the possible bioactive ingredient of methanol and
ethanol root extracts, we initially developed a strategy for partial puriﬁ-
cation of compound based on their antioxidant, oxidative DNA damage
protective activity and α-amylase inhibitory property.
3.4. Tentative screening of phytochemical in B. diffusa methanol and
ethanol root extracts
The antioxidant potential of plant extractsmay be directly due to the
presence of phenolic and ﬂavonoid compounds (Prakash et al., 2007),
therefore, it would be important to screen the total phenolics and
total ﬂavonoid contents in B. diffusa root extracts. Tentative phytochem-
ical screening of B. diffusa ethanol root extract showed the presence of
alkaloids, terpenoids, steroids, tannins, saponins, ﬂavonoids, phenols,
proteins, carbohydrates and glycosides as shown in Table 1. In addition,lues are the average of triplicate experiments and represented as mean ± S.D.
Fig. 8. Percentage of α-amylase inhibition against acarbose and the bioactive compound (BDMF).
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cals as in ethanol root extract except steroids and carbohydrates.
3.5. TLC ﬁngerprint proﬁle of methanol and ethanol root extract of
B. diffusa
Partial puriﬁcation of methanol and ethanol root extracts was
performed by TLC. Our results depicted the presence of total organic
compounds & phytochemicals, such as ﬂavonoids, alkaloids as well as
phenolics as illustrated in Fig. 4A,B,C,D.
In addition, TLC proﬁle of total organic compounds, ﬂavonoids, alka-
loids and phenolics in methanol and ethanol root extracts indicated the
presence of 12 and 13, 7 and 8, 4 and 2, and 1 and 3 bands respectively
(Fig. 4A,B,C,D). The Rf value of all the bands present in total organic com-
pounds, phenolics, alkaloids and ﬂavonoids was shown in Table 2A,B,C
& D.
3.6. Identiﬁcation and isolation of bioactive fraction
In order to isolate the potent antioxidant fraction, the TLC bands ob-
served in methanol and ethanol root extracts of B. diffusawere sprayed
byDPPH.Our results depicted that onlymethanol extract showed a dark
yellow color band in TLC plates of phenols and total organic compounds,
while no yellow or white band was observed in other plate, which
indicates that the antioxidant property of B. diffusa methanol extractFig. 9. Oxidative DNA damage protective activity of BDMF fraction of B. diffusa. Lane 1: con
agent Lane 3. Plasmid DNA treatment by mannitol as standard (50 μg/ml), Lane 4: Samp
Sample (200 μg/ml) + plasmid DNA.is inherent in its phenol compounds. It's important to note that the com-
pound showing antioxidant band has the same Rf value in both the TLC
plates (Rf = 0.68) (Fig. 5).
In contrast, very light, yellow band or antioxidant was present in the
three TLC plates of B. diffusa ethanol extract (data not shown). This band
(Rf = 0.68) was eluted and repetitive preparative TLC was performed
to purify the bioactive compound. In view to conﬁrm the purity of
isolated BDMF the compound was subjected to HPLC & single peak
was observed with the retention time of 2.53 min and percentage
area 75.23 mV, which showed that this fraction is almost pure (Fig. 6).
Moreover, this eluted fraction (BDMF) was further subjected to
DPPH assay. Our results illustrated that BDMF has almost same percent-
age of inhibition against DPPH radicals as compared to crude methanol
extract which yet again conﬁrms the presence of principal antioxidant
compound in the BDMF fraction (Fig. 7).
Moreover, it is interesting to observe that the same fraction
(Rf = 0.68) which has the most potent antioxidant activity also
showed marked α-amylase inhibitory activity (15.73%, 24.85%, 41.24%,
55.03%, 61.54%, and 67.87%) (Fig. 8) at various concentrations, while no
signiﬁcant α-amylase inhibition was observed in ethanol root extract
(data not shown).
Our results once again conﬁrm that antioxidant and antidiabetic
property of methanol root extract resides in this fraction and established
a signiﬁcant correlation between antioxidant and inhibitory α-amylase
property of this bioactive fraction compound.trol (PUC 18 plasmid DNA), Lane 2: PUC 18 plasmid DNA degradation by Fenton's re-
le (50 μg/ml) + plasmid DNA, Lane 5: Sample (100 μg/ml) + plasmid DNA, Lane 6:
272 F. Akhter et al. / South African Journal of Botany 88 (2013) 265–2723.7. Oxidative DNA damage protective activity of BDMF
Further, we also analyzed the oxidative DNA damage protective
activity of BDMF. The results presented in Fig. 9 illustrated that the
BDMF markedly restored the single-stranded/double-stranded DNA
damage break better than the restitution done by crude methanol
extract. The mechanism underlines that the antioxidant DNA damage
protective activity and α-amylase inhibitory activity of BDMF fraction
could be the same as discussed for crude extract. The phytomolecule
(Aviello et al., 2011) identiﬁed in B. diffusa methanol root extract has
well-documented radical quenching, antioxidant and redox metal ion-
chelating activities and might be responsible for the overall protective
activity of BDMF.
These profound effects of B. diffusa methanol root extract and its
puriﬁed BDMF fraction against oxidative plasmid DNA damage, antiox-
idant andα-amylase inhibitory activity may explain its extensive use in
daily life and possible health beneﬁts. Moreover, a prospective study is
needed to explore out the possible structure of this compound and to
check its in vivo activity. In conclusion, auxiliary research is actively
desired to know the possible therapeutic application of this fraction
in the treatment and management not only of diabetes but also other
oxidative stress linked disorders.Acknowledgment
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